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KETHOD OF TREATING TUMOR CELLS 
BY INHIBITING GROWTH FACTOR RECEPTOR FUNCTION 

Field of the Invent Irm 

5 This invention is In the fields of immunology and cancer 

diagnosis and tharapy. Mora particularly It concarns .tlbodles 
•pacifically binding growth factor receptors, hybri domes that 
produca thasa antibodies, immunochemicals made from tha antibodies, 
and d_ -gnostic methods that usa tha antlbodias. Tha invent iw.i also 
10 ralatas to tha usa of tha antlbodias alone or in combination with 

cytotoxic factor (a) in therapeutic methods. Also encompassed by 
tha invention la an aasay for tyrosine kinases that are Involved in 
tumor lgenes is. 

15 Background of the Invent- <mi 
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30 



Macrophages are one of tha affactor call types that play an 
Important role in immunosurve 11 lance against neoplastic growth In 
XlXfi. Id Xl£lS. call-mediated cytotoxicity requires selective 
binding between activated macrophages and target calls as wall as 
20 tha concomitant ralaaaa of cytotoxic factors. Soma of tha 

cytotoxic factors sacretad by activated macrophages include 
raactiva oxygen speciea such as tha superoxide anion and hydrogen 
peroxide, arginase, intarleukln l f and tumor nacrosls factor -a 
(TNF-o). Acqulrad resistance to tha toxic af facts of thasa factors 
by tumor calls could be one mechanism which laada to tha onset and 
spraad of tumor formation in vivo . 



Tha observation that TNF-o can act as a potent affactor of tha 
macrophage -mediated antitumor response provides a rationale for its 
usa in fur tha r studies on tha regulation of tumorigenesls In vivo 
and tumor cell growth Jjj vUgy- The genas encoding TNF-o and TNF- 
fi, a structurally related cytotoxic protein formerly known as 
lymphotoxln, have bean cloned and tha correapondlng proteins 
expressed in Escherichia coli. These proteins display an array of 
35 biological activities, including induction of hemorrhagic necrosis 
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of Keth A lArcoau la vivo , inhibition of the growth of certain 
twor colls 1q vitro , synergistic enhancement of tho jLq vitro 
antlcellular offsets of IFN-7, activation of human polymor* 
phonucloar nsutrophil functions, and inhibition of lipid 
biosynthssls. Recently, rtfuTNF-o was shown to augment tho growth 
of *n>rmal diploid fibroblasts Is vitro . Tho Jivergent 
prollforatlvo rosponsos in tha prasonco of rttuTKF-o ara sometimes 
ralatad to variations in THF binding. 



10 



15 



20 



Growth factors and thair racaptors ara involved in tha 
ragulatlon of call proliferation and thsy also appear to play a key 
rola in oneoganasis. Of tha known proto- oncogenes, thraa ara 
ralatad to a growth factor or a growth factor racaptor. Thesa 
gooes include c-sis , which is homologous to tha transforming gene 
of tha simian sarcoma virus and la tha B chain of platelet -derived 
growth factor (PDCF) ; c-fms, which is homologous to the 
transforming gene of tha feline sarcoma virus and is closely 
ralatad to tha macrophage colony-stimulating factor receptor (CSF- 
U); an c-erbB, which encodes tha EOF receptor (ECFR) and is 
homologous to tha transforming gene of tha avian erythroblastosis 
virus (v-erbB). Tha two receptor- related proto-oncogenes, c-fms 
and c-erbB, are members of tha tyros ins -spac if ic protein kinase 
family to which many pro to -oncogenes belong. 



25 
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Recently, a novel transforming gene was identified a* a result 
of transfectlon studies with DKA from chemically induced rat 
neuroblastomas. This gene, called nau, waa shown to be related to, 
but distinct from, the c-erbB pro to -oncogene. By means of v-erbB 
and human EGFR as probes to screen human genomic and complementary 
OKA (cDKA) libraries, two other groups independently Isolated human 
erbB-related genes that they called HER2 and c-«r£>B-2 respectively. 
Subsequent sequence analysis and chromosomal mapping studies 
revealed that c-erbB-2, and HER2 ara species variants of nau. A 
fourth group, also using v-ar6B as a probe, identified the same 
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gone in * luury carclnoM ctll line, MAC 117, whera ic vn found 
to bo amplified five- to ton-fold. 



This gene, which will bo roforrod to horoin as HER2, encodes a 
now member of tho tyros Ino kinase fully; and is closely related 
to, but distinct frosi f tho ECFR gono as roportod by Cou«*«ns §£ 
ml., ficJLAXlfit 22fl. 1132 (1985). HER2 dlffors froa ECFtt In chat It 
Is found on band q21 of chromosome 17, as compared to band pll-pl3 
of chromosome 7, whoro tho ECFR gono Is located. Al*o, tho HER2 
gone gonoratos a messenger RNA (mRNA) of 4.8 kb, which dlffors froa 
tho 5.8- and 10-kb transcripts for tho ECFR gono. Finally, tho 
protoln oncodod by tho HER2 gono Is 185,000 daltons, as compared to 
tho 170,000-dalton protoln oncodod by tho ECFR gono. Conversely, 
on tho basis of sequence data, HER2 Is aore closely related to the 
ECFR gene than to other members of the tyrosine kinase family. 
Like the ECFR protoln, tho HER2 protein (pl85) has an extracellular 
. domain, a transaoabrano domain that Includes two cysteine -rich 
repeat clusters, and an Intracellular kinase domain, Indicating 
that it is likely to bo a cellular receptor for an as yet 
unidentified llgand. HER2 pl85 Is referred to as pl85 or the HER2 
receptor herein. 



Southern analysis of primary human tumors and established 
tumor-derived cell lines revealed amplification and in some cases 
rearrangement of the EGF receptor gene. Amplification was 
particularly apparent In squamous carcinomas and glioblastomas. 
The HER2 gene was also found to be amplified in a human salivary 
gland adenocarcinoma, a renal adenocarcinoma, a mammary gland 
carcinoma, and a gastric cancer cell line. Recently, Slamon jtt 
ml., 221* 177 (1987) demonstrated that about 30% of primary 

human breast carcinoma tumors contained an amplified HER2 gene. 
Although a few sequence rearrangements were detected, in most 
tumors there were no obvious differences between amplified and 
normal HER2 genes. Furthermore, amplification of the HER2 gene 
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corrilmd significantly with tha nagatlva prognosis of tha diaaaaa 
and tha probability of ralapsa. 



10 



To invastlgata tha slgniflcanca of tha correlation batvaan 
ovar-axpraaalon and callular transforation as it has baan obssrvad 
f - proto-oncoganas cmo* and H-myc, a HER2 axprasaion vac tor and a 
••Isction schama that pamittad aaquanca amplification aftar 
trans faction of mouaa HIH 3T3 calls waa amployad by Hudziak At a1. , 
?TM, Rati, Acid, 5fi 1, fffSA) 6k, 7159 (1987). Amplific itlon of tha 
unaltarad HZR2 gana in HIH 3T3 calls laad to ovar-axprasslon of 
pl85 as vail as callular transformation and tumor formation in 
a thymic mica. 




IS 



Tha affects of antibodies specifically binding growth factors 
or growth f motor receptors has boon studiod. Exaaplea 
discussad be low. 
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Rosanthal *i al- , Sail i6. 301 (1986) Introduced a human TCF-o 
cWU expression vector into astabllshad non- transformed rat 

flbroblaat calls. Synthasis and aacratlon of TC?-a by thasa calls 
rasultsd in loas of anchorad-dapandant growth and lnducad tumor 
formation in nuda aica. Ant 1 -human TCF-o monoclonal antibodlas 
pravantad tha rat calla from forming coloniaa in soft agar. i.a. 
loas of anchor aga dapandanca. Gill it al. , in J. Biol rh 1 B| 259 
7755 (1984) dlacloaa monoclonal antibodlas spaclflc for ECP 
racaptor which vara Inhibitors of ECF binding and antagonists of 
EGF-stimulatad tyroaina protaln kinaaa activity. 

Drabin tL §1. in Call 41 695 (1985) damonstratad that axposurs 
of a nau - oncogana - trans f ormsd HIH 3T3 call to monoclonal antibodlas 
raactlva with tha nau gana product, causa tha nau-transformad HIH 
3T3 call to ravart to a non- trans formsd phanotypa as datarminad by 
anchor aga indapandant growth. Drabin at gl. , in Proc w«t»i ft fflTl 
Sfil*. SI. 9129 (1986) damonstratad that In vivo traatmant with a 
monoclonal antibody (IgC2a Isotypa) specifically binding tha 
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protoln encoded by the neu oncogene significantly inhibited the 
tumorlgenic growth of afu-cr«mforMd HIH 3T3 cells Implanted into 
nude mice. 



35 



Aklyama e£ §1. in Sciatica 222. 1644 (1986) raised antibodies 
against * synthetic peptide corresponding to 14 amino acid residues 
at the carboxy- terminus of the protein deduced from the c-er£>B-2 
(HER2) nucleotide sequence. 

Crovth factors have beun reported to interact in both a 
synergistic and an antagonistic manner. For example, TGF-a and 
TCF-£ synerglstically enhance the growth of NRK-49F fibroblasts, 
whereas FDCF down regulates EOF receptor function on 3T3 cells. A 
variety of transformed cells secrete factors which are believed to 
stimulate grovth by an autocrine mechanism. Sugarman e£ al . , 
£*Q&tX — &i*u hi, 780 (1987) demonstrated that under certain 
conditions, growth factors can block the antiproliferative effects 
of TNF-o on sensitive tumor cells. Specifically, epidermal growth 
factor (EOF) and recombinant human transforming growth factor-o 
(rHuTCF-o) were shown to interfere with the la vitro 
antiproliferative effects of recombinant human tumor necrosis 
factor-o (rHuTWF-w) and *0 on a human cervical carcinoma cell line, 
ME- 180. The inhibitory effect could be observed at ECF or rHuTCF-o 
concentrations of 0.1 to 100 ng/ml, and was maximal between 1 and 
10 ng/ml. This response was apparently not due to down regulation 
of the IMF receptor or to alteration of the affinity of TNF-o for 
its receptor. Since the antiproliferative effect of recombinant 
human interferon-? was not significantly affected by the presence 
of ECF or rHuTCF-o, the inhibition was specific for recombinant 
TNFs and was not due solely to enhanced proliferation induced by 
the growth factors. Neither growth factor had a substantial 
protective effect on the synergistic cytotoxicity observed when 
tumor cells were exposed simultaneously to rHuTNF-o and recombinant 
human interferon-7. TCF-0 can also interfere with the 
antiproliferative effects of rHuTNF-o Id ylixft. At concentrations 
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of leae than 1 ng/al, TCF-0 eignificantly antagonised the cytotoxic 
effecte of rHuTNF-o on KIH 3T3 fibroblasts. Since EOF, platelet* 
derived growth factor, and TG?-fi all enhanced HIH 3T3 call 
proliferation, but only TCF-0 intarfarad wit rifuTNF-o 
cytotoxicity, tha protactlva af facta of TGF-/J were not ralatad in a 
slaple Banner to anhancad call proliferation. rHuTCF-a and TCF-0 
did not hava a significant protactlva affact again* t rHuTNF-o- 
aedlated cytotoxicity on tvo othar tuaor call line*, BT-20 and L- 
929 cells. 

It la an objact of tha subject invention to provide antibodies 
capable of inhibiting growth factor receptor function. 

It le a further object of the invention to provide an improved 
assay for tha HER2 receptor. 

It is a further object of the invention to provide improved 
aethode of tusjor therapy. 

i 

It la a further object of the invention to provide a sethod of 
inhibiting tha growth of tuaor calls which overexpreaa a growth 
factor receptor and/or growth factor. 

It Is a further object of the invention to provide a aethod 
for treating a tuaor by treatment of tha tuaor cells with 
antibodies capable of inhibiting growth factor receptor function, 
and with cytotoxic factors such as tuaor necrosis factor. 

A still further object of the invention is to provide an assay 
for tyrosine kinases that may hava a role in tuaorlgenesis. 

Other objects, features and characteristics of tha present 
invention will become apparent upon consideration of the following 
description and the appended claims. 
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gtw 1iffr y °* Invention 

The subject invention relates to monoclonal antibodies 
•pacifically binding tha -xternal domain of tha HER2 rec#ptor. Tba 
Invention alao ralataa to an assay for tha HQL2 receptor comprising 
axposlng calls to antibodiaa apaclflcally binding tha extracellular 
domain of tha HER2 rscsptor, and determining tha axtant of binding 
of said antlbodias to said calls. Another embodiment of tha 
invention ralatas to a mathod of inhibiting growth of tumor calls 
oy adainlstsrlug to a patiant a tharapautlcally affactlva amount of 
antlbodias capabla of Inhibiting tha HER2 racaptor function. A 
furthar ambodlmant of tha invention ralatas to administering a 
tharapautlcally affactlva amount of antlbodias capabla of 
inhibiting grovth factor racaptor function, and a tharapautlcally 
affactlva amount of a cytotoxic factor. A still furthar ambodlmant 
of tha invention is an assay for tyrosine kinasas that may have a 
role in tumorlgenesls comprising axposlng calls suspected to be 
THF-o resistant to TNF-o, isolating those cell which are THF-o 
resistant, screening tha isolated cells for increased tyrosine 
kinase activity, and isolating receptors and other proteins having 
Increased tyrosine kinase activity. 

Brief Daaav« PB |, 

Figure la shows THF-o resistance of NIH 3T3 cells expressing 
various levels of HER2 pl83. Figure lb shows macrophage 
cytotoxicity assays for NIH 3T3 cells expressing various levels of 

HER2 pl83. 

Figure 2 demonstrates the level of THF-o binding for a control 
cell line (NIH 3T3 neo/dhfr) and for a cell line overexpressing 

HER2 pl85 <HER2-3 8 <x)>. 



Figure 3 shows inhibition of SK ER3 cell growth by anti-HER2 
monoclonal antibodies. 
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Figure 
irrelevant 



4 la a dose responae eum comparing the effect of an 
monoclonal antibody (anti-HBV) mod tha effect of 
antibody 4D5 (tntl-HER2) on the growth of SK BR3 cells 



In so 



10 



Figures 5a, Sb and 6a show parcant viability of SK Btt call* 
aa a function of increasing THF-a concantratlon and anti-HER2 p!85 
monoclonal antibody concantratlon. Each Figure ahovs tha raaulta 
for a dlfferant entl-HER2 pl85 monoclonal antibody. Figure 6b la a 
control using an Irralavant monoclonal antibody. 



15 



Figure 7 ahovs parcant viability of MDA-KB-175-VII calla aa a 
function of increasing THF-a concantratlon and antl-HER2 pl85 
■onoclonal antibody concantratlon. 

Flgur a 8 shovs parcant viability of HIH 3T3 calla 
ovaraxpraaalng HEE2 pl85 aa a function of increasing THF-a 
concantratlon and anti*HER2 p!85 monoclonal antibody concantratlon. 
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Datallad Description of the TmmnHrm 

A naw application of antlbodlaa to Inhibit tha growth of tumor 
calla haa baan dlacovarad. $urprlalngly t it haa baan Yound that by 
inhibiting growth factor racaptor function, a.g. tha HER2 racaptor 
function, call growth la inhlbitad, and tha calla ara randarad mora 
auacaptlbla to cytotoxic factors. Thua f for axampla, braaat cancar 
calla which ara rafractory to THF-a alona can ba aude auacaptlbla 
to THF-a if tha calla ara flrat traatad with antlbodlaa which 
inhibit growth factor racaptor function. Tha incraaaa of 
susceptibility haa baan demons tr a tad using tha HER2 racaptor and 
monoclonal antlbodlaa dlractad against tha HER2 racaptor, and tumor 
nacroala factor -a. 



35 



Tha method of this invention la uaaful In tha tharapy of 
malignant or banlgn tumors of mammals whara tha abnormal grovth 
rata of tha tumor la dependant upon growth factor receptors. 



PCT/USW/OOO 



-9- 

Abnormal growth rate Is a rate of growth which is in uciu of that 
required for normal homeostasis and is in excess of that for normal 
tissues of the same origin. Many of thaaa tumors axa dependent 
upon extracellular sources of tha grovth factor recognized by tha 
receptor, or upon aynthasis of tha grovth factor by tha tumor coll 
itsalf . This lattar phanomanon is tarmad "autocrine" growth. 

Tha methods of tha subject invention is applicable vhere the 
following conditions are met: 

(1) the growth factor receptor and/or ligand (grovth factor) is 
expressed, and tumor cell grovth depends upon the grovth factor 
receptor biological function; 

(2) antibodies specifically binding tha grovth factor receptor 
and/or ligand inhibit tha grovth factor receptor biological 

function. 

While not wishing to be constrained to any particular theory 
of operation of tha invention, it is believed that the antibodies 
inhibit grovth factor receptor biological function in one or more 
of the following vays: 

(a) The antibodies bin-* to the extracellular domain of tha 
receptor and inhibit the ligand from binding tha receptor; 

(b) The antibodies bind the ligand (tha grovth factor) Itself and 
inhibit tha ligand from binding tha receptor; 

'c) The antibodies down regulate the grovth factor receptor; 

(d) Tha antibodies sensitise tumor cells to the cytotoxic effects 

of a cytotoxic factor such as TNF-o; 

(a) The antibodies Inhibit the tyrosine kinase activity of the 
receptor. 

in cases (f) and (g) f the antibodies inhibit grovth factor receptor 
biological function indirectly by mediating cytotoxicity via a 
targeting function: 

(f) The antibodies belong to a sub-class or isotype that upon 
coaplaxing with tha receptor activates serum complement and/or 
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aedlate antibody -dependent cellular cytotoxicity (ADCC) , e.g. IgC2a 
antibodies; 

(g) The antibodies which bind the receptor or growth factor are 
conjugated to a toxin ( iaauno toxins ) ; 
5 Advantageously antibodies are selected which greatly inhibit the 

receptor function by binding the steric vicinity of the llgand 
binding site of the receptor (blocking the receptor) , and/or which 
bind the growth factor in such a way as to prevent (block) the 
llgand froa binding to the receptor. These antibodies are selected 

10 using conventional in vitro assays for selecting antibodies which 

neutralize receptor function. Antibodies that act as llgand 
agonists by mimicking the llgand are discarded by conducting 
suitable assays as will be apparent to those skilled in the art. 
For certain tuaor cells, the antibodies inhibit an autocrine growth 

IS cycle (i.e. where a cell secretes a growth factor which then binds 

to a receptor of the saae cell). Since soae Uganda, e.g. TGF-o, 
are found lodged in cell aeabranes, the antibodies serving a 
targeting function are directed against the llgand and/or the 
receptor. 

20 

Certain tuaor cells secrete growth factors that are required 
for normal cellular growth and division. These growth factors, 
however, can under soae conditions stimulate unregulated growth of 
the tuaor cell Itself, as well as adjacent non- tuaor cells, and can 
25 cause a tuaor to form. 

Epidermal Growth Factor (EGF) has draaatlc stimulatory effects 
on cell growth. In purified receptor preparations, the EGF 
receptor is a protein kinase that is activated by the binding of 

30 EGF. Substrate proteins for this kinase are phosphorylated on 

tyrosine residues. The receptors for insulin, platelet -derived 
growth factor (PDCF) and other growth hormones also are tyrosine - 
specific kinases. It is believed that llgand binding to the 
receptor triggers phosphorylation of certain proteins by the 

35 receptor and in this way stimulates cell growth. About one -third 
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of the known oncogenes encode proteins that phosphorylate tyrosine 
residue* on other proteins. It le believed that these oncogene 
products trigger responses analogous to the responses of cells to 
growth factors end hormones . The erbB oncogene product Is s 
portion of the EGF receptor that leeks the hormone -binding domain 
end may give rise to s constitutive growth- stimulating signs! 
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One embodiment of this invention is s method of inhibiting 
the growth of tumor cells by administering to a ^atlent a 
therapeutically effective amount of antibodies that inhibit the 
HER2 receptor biological function of tumor cells. 



15 



20 




25 
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Overexpresslon of growth factor receptors increases the 
resistance of cells to THF as demonstrated below. Overexpresslon 
of the HEftl receptor (ECF receptor), met receptor-like 
protooncogene product, and HER2 receptor all show tills increased 
resistance. Zt is shown in the Examples below that amplified 
expression of HER2, which encodes the HER2 receptor (p!85) , Induces 
resistance of RIH 3T3 cells to the cytotoxic effects of macrophages 
or TNF-o. Induction of NIH 3T3 cell resistance to TNF-o by 
overexpresslon of p!8S is accompanied by alterations in the binding 
of TNF-o to its receptor. Overexpresslon of p!85 is also 
associated with resistance of certain human breast tumor cell lines 
to the cytotoxic effects of TNF-o. 

In another embodiment of the invention, tumor cells are 
treated by (1) administering to a patient antibodies directed 
against the growth factor and/or its receptor, that inhibit the 
biological function of the receptor and that sensitize the cells to 
cytotoxic factors such as THF, and (2) administering to the patient 
cytotoxic factor(s) or other biological response modifiers which 
activate Immune system cells directly or Indirectly to produce 
cytotoxic factors. 
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Th* cytotoxic factor, such as TNF-a, exerts its cytostatic 
(cell growth suppressive) and cytotoxic (cell destructive) effect. 
Examples of useful cytotoxic factors are TNF-a, TNF-0. IL-1. IFN-7 
and IL-2, and chemo therapeutic drugs such as 5FU, vinblastine, 
actinoaycln D, etoposlde, clsplatln, methotrexate, and doxorubicin. 
Cytotoxic factors can be administered alone or in combination. In 
a still further embodiment of the invention, the patient Is treated 
with antibodies which inhibit receptor function, and with 
autologous transfer therapy, e.g. LAX or TIL cells. 

Tumor necrosis factors are polypeptides produced by aitogen- 
stlmulated macrophages or lymphocytes which are cytotoxic for 
certain malignantly transformed cells. The antl- tumor effect of 
TNF-a is known to be synergistic ally potentiated by interferons. 
The antl -tumor effect of TNF-a and TNF-0 in admixture are additive, 
as are the antiviral effects of Interferons alpha and beta. 

The tumor necrosis factors include TNF-a and TNF-0. ; The 
former Is described together with methods for its synthesis in 
recombinant cell culture, in U.S. Patent 4,650,674, and in European 
Patent Application 0168214; the latter is described in European 
Patent Application J164965. The TNF-a and TNF-0 described in these 
patent documents includes cytotoxic amino acid sequence and 
glycosylatlon variants. TNF-a and TNF-0 from non- recombinant 
sources are also useful in the method of this invention. 

The preferred TNF is mature human TNF-a from recombinant 
microbial cell culture. The TNF ordinarily will have a cytolytic 
activity on susceptible L-M murine cells of greater than about 1 x 
10* units/mg, wherein a unit is defined as set forth in the above - 
described patent application. 

In another embodiment of the sub J ect invention, one or more 
additional cytokines and/or cytotoxic factors are administered with 
TNF-a, egs. interferons, interleukins , and cheao therapeutic drugs. 
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The compositions herein Include * pharmaceutically acceptable 
vehicle such as those heretofore used In the therapeutic 
administration of interferons or THF, e.g. physiological saline or 
5 5% dextrose, together with conventional stabilizers and/or 

exclplents such as human serum albumin or maxmltol . The 
compositions ara provided lyophlllxed or in tha form of sterile 
aqueous solutions. 

10 Several variables will be taken into acco^ .t xxj tha ordinary 

artisan in determining the concentration of TNF in the therapeutic 
compositions and the doeagee to be administered. therapeutic 
variables alao Include the administration route, and the clinical 
condition of the patient. 



IS 



20 




25 



The cytotoxic factor(a) and antlbodiee inhibiting growth 
factor receptor function are administered together or separately. 
If the latter, advantageously the antibodies are administered first 
and the THF thereafter within 24 hour a. It la within the acope of 
thie invention to administer the THF and antibodies in multiple 
cycles, depending upon the clinical response of the patient. The 
THF and antlbodle* are administered by the same or separate routes, 
for example by intravenous, intranasal or intramuscular 
admi ni s tr a t ion . 



Tha method of the subject invention can be used vith tumor 
cells which overexpress growth factor receptor and/or llgand where 
antibodies can be produced which inhibit the growth factor receptor 
function. A cell (e.g. breast tumor cell) overexpreesee a growth 
30 factor receptor if the number of receptora on tha cell exceeds the 

number on the normal healthy cell (e.g. normal breast tissue cell). 
Examples of carcinomas where the HE&2 receptor is overexpressed 
(and thus the method of the subject invention is applicable), are 
human breast, renal, gastric and salivary gland carcinomas. 

35 
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A further embodiment of the invention is an assay for 
identifying racsptors and othar pro tains having ineraasad tyros ina 
kinase activity, and for identifying oncogenes that transform 
calls. Amplification of certain oncogenes encoding tyrosine 
kinases correlates with TKF-o resistance. If cells are selected 
for resistance to THF-a, so** of these trill have Increased tyrosine 
kinase activity. Son of the tyrosine kinases will be receptors. 
The genes encoding the tyrosine kinases are then cloned using 
standard techniques for the cloning of genes. Identification of 
the receptor or other protein permits the design of reagents which 
inhibit receptor (or other protein) function and induce cellular 
sensitivity to cytotoxic factors as demonstrated herein vith HER2. 
Identification of the receptor also permits subsequent 
identification of the receptor's llgand. The assay comprises 
exposing cells suspected to be TNF-o sensitive to TNF-o, and 
isolating those cells which are T!fF-a resistant. The TNF-o 
resistant cells are then screened for increased tyrosine kinase 
activity, and receptors and othar proteins having increased 
tyrosine kinase activity are isolated. 

Antlbodlaa 

In accordance witL this invention, monoclonal antibodies 
specifically binding growth factors or growth factor receptors such 
as the HER2 receptor, were Isolated from continuous hybrid cell 
lines formed by the fusion of antigen-primed immune lymphocytes 
with myeloma cells. Advantageously, the monoclonal antibodies of 
the subject Invention which bind growth factor receptors, bind the 
extracellular domain of the receptors. In another embodiment of 
the invention, polyclonal antibodies specifically binding the 
growth factors or growth factor receptors are used. 

The antibodies of the subject invention which are used in 
tumor therapy advantageously inhibit tumor cell growth greater than 
20%, and most advantageously greater than 50%, In vitro . These 
antibodies are obtained through screening (see, for example, the 
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discussion relating to Figure 3). The anti-HER2 receptor 
monoclonal antibodies of the subject invention which are used in 
tumor therapy are capable of inhibiting scrum activation of ths 
•cop tor. 

5 

Konoclonal antibodies aro highly specific , being diractad 
against a singla antigenic sits. Fur ths mora, in contrast to 
conventional antibody (polyclonal) preparations which typically 
include difterent antlbodiea directed against different 

10 determinants (epitopes), each monoclonal antibody is directed 

against a single determinant on the antigen. Konoclonal antibodies 
are useful to improve the selectivity and specificity of diagnostic 
and analytical asaay methods using antigen* antibody binding. A 
second advantage of monoclonal antibodies is that they are 

15 synthesized by the hybrldoma culture, uncontamlnatad by other 

immunoglobulins. Monoclonal antibodies may be prepared from 
supernatants of cultured hybrldoma cells or from ascites induced by 
intraperitoneal inoculation of hybrldoma cells into mice* 

20 The hybrldoma technique described originally by Kohler and 

Kllsteln. Eur. J. Ier mal. £, 511 (1976) has been widely applied to 
produce hybrid cell lines that secrete high levels of monoclonal 
antibodies against many specific antigens. 

25 The route and schedule of immunization of the host animal or 

cultured antibody-producing cells therefrom are generally in 
keeping with established and conventional techniques for antibody 
stimulation and production. Applicants have employed mice as the 
test model although it is contemplated that any mammalian subject 

30 including human subjects or antibody producing cells therefrom can 

be manipulated according to the processes of this invention to 
serve as the basis for production of mammalian, including human, 
hybrid cell lines. 



WO89/0M92 



PCT/USW/& 



.16. 

After immunization. 1mm lymphoid cells aro fused vlth 
myeloma cells to generate a hybrid coll lino which con bo 
culclvotod and subcultivated indefinitely, to produco large 
quontltloo of Monoclonal antlbodlos. For purposes of this 
5 Invention, tho f—iiis lymphoid colls soloctod for fusion aro 

lymphocytes and tholr normal dlfforontlatod progeny , takon olthor 
from lymph nodo tlssuo or sploon tlssuo from Immunised animals. 
Applicants profor to employ tmmuni sploon colls, slnco thoy offer a 
more concentrated and convenient source of antibody producing cells 
10 with respoct to the mouse system. The myeloma cells provide the 

basis for continuous propagation of the fused hybrid. Myeloma 
cells are tumor cells derived from plasma colls. 

It Is possible to fuse cells of one species vlth another. 
IS However f it Is preferred that the source of immunised antibody 
producing cells and myeloma be from the same species. 

The hybrid cell lines can be maintained in culture in vitro in 
cell culture media. Tho coll linos of this invention can be 

20 selected and/or maintained in a composition comprising the 
continuous coll lino in tho known bypozan th 1 no * amlnop tor inthymldlno 
(HAT) medium. In fact, once the hybrldoma cell line la 
established, it can be maintained on a variety of nutritionally 
adequate media. Moreover, the hybrid cell linos can be stored and 

25 preserved in any number of conventional ways, including freezing 

and storage under liquid nitrogen. Frozen cell Unas can be 
revived and cultured Indefinitely with resumed synthesis and 
secretion of monoclonal antibody. The secroted antibody is 
recovered from tissue culture supernatant by conventional methods 

30 such as precipitation, Ion exchange chromatography, affinity 

chromatography, or the like. 

While the invention Is demonstrated using mouse monoclonal 
antibodies, the Invention is not so limited; in fact, human 
35 antibodies may be used and may prove to be preferable. Such 
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antibodies can be obtained by using huun hybridous (Cots it Al* . 
Mopoclonel Antibodies and Cinctr Therapy. Alan R. Uss t p. 77 
(1983)). In fact, according to tbs invention, tschniquss davslopsd 
for ths production of "chiaerlc antibodies - (Morrison e£ gl„ Proc. 
3 Matl. AaaA S*l il, 6631 (19*4); Reubergor e£ Al- . Nature 312 . 604 

(19S4); Tsksda a£ ftl- . flAEUCt 214. 432 (1983)) by apl.cing ths 
gsnss froa a muss antibody aolecule of approprlata antlgsn 
spaclflcity togsthsr with gsnss from a human antibody aolecule of 
appro, « late biological activity (such as ability to activate human 
10 complement and mediate ADCC) can be ussd; such antlbodlss ars 
within ths scops of this invention. 



As another alternative to ths cell fusion technique, EBV 
iaaortalixed B cells ars used to produce the Monoclonal antibodies 
13 of the subject invention. Other aethods for producing aonoclonal 

antibodies such as recombinant DKA 9 are also contemplated. 

The immunochemical derivatives of the antibodies of this 
invention that are of priae importance are (1) laaunotoxlna 

20 (conjugates of the antibody and a cytotoxic aolety) and (2) labeled 

(e.g. radiolabeled, enzyme* labeled, or fluorochroae - labeled) 
derivatives in which ths label provides a asans for identifying 
iaaune complexes that include the labeled antibody. The antibodies 
*re also ussd to indues lysis through the natural coapleaent 

25 process, and to Interact vith antibody dependent cytotoxic cells 
noraally pressnt. 
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The cytotoxic aolety of the laaunotoxin aay be a cytotoxic 
drug or an enzyaatlcelly active toxin of bacterial or plant origin, 
or an enryaatically active fragaent ("A chain") of such a toxin. 
Enzyaatlcelly active toxins and fragments thereof ussd are 
diphtheria A chain, nonbinding active fragments of dlphthsria 
toxin, exotoxin A chain (from Pssudoaon^ aaruzino^ ricin A 
chain, abrin A chain, aodsccln A chain, alpha-aarcin, Aleurlt«« 
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fordll proteins, dlanthln proteins, Phytolacca jatrlcini proteins 
(PAPI, PAPII, and PAP-S) , momordlca charantla inhibitor, cure in, 
crotln, itp«onftrU officinalis inhibitor, gelonin, mltogellln, 
roetrictocln, phanomycln, and enomycin. In anothar embodiment, tha 
antibodies ara conjugated to small molecule anticancer drugs. 
Conjugates of tha monoclonal antibody and such cytotoxic moieties 
ara made using a variety of blfunctlonal protein coupling agents. 
Examples of such reagents are SFDP, IT, blfunctlonal derivatives of 
ialdoesters such a dine thy 1 adlplmidate UC1, active est irs *uch aa 
dlsucclnlmidyl suberata , aldehydes such aa glutaraldebyde , bla - 
azldo compounds such as bis (p-azldobenxoyl) hexanedlamine t bis- 
dlazonlum derivatives such aa bi»- (p -diaxoniumbenxoyl) - 
ethylenedlamina , dllsocyanates such as tolylene 2,6-dllaocyanate, 
and bis -active fluorine compounds such aa l v 5-difluoro*2,4* 
dinltrobenzene . The lysing portion of a toxin nay be joined to the 
Fab fragment of tha antibodies. 

Advantegeoualy , monoclonal antibodies specifically binding the 
external domain of the target growth factor receptor, e.g. RER2 
receptor, are conjugated to rlcin A chain. Moat advantageously the 
rlcln A chain la deglycosylatad and produced through recombinant 
means. An advantageous method of making tha rlcln Imam in toxin is 
described in Vltetta tl ml.* Science 22ft. 1098 (1987). 

When used to kill human cancer cells la vitro for diagnostic 
purposes, tha conjugates trill typically be added to the cell 
culture medium at a concentration of at least about 10 nM. The 
formulation and mode of administration for in vitro use ara not 
critical . Aqueous formulations that ara compatible with tha 
culture or perfusion medium will normally be used. Cytotoxicity 
may be read by conventional techniques to determine the presence or 
degree of cancer. 

Cytotoxic radiopharmaceuticals for treating cancer may be made 
by conjugating radioactive Isotopes (e.g. I, Y, Pr) to the 
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antlbodles. The term "cytotoxic moiety" as used herein 1* Intended 
to Include such Isotopes. 

In another embodiment, liposomes are filled with a cytotoxic 
drug and tha liposomes are coatad with antibodies specifically 
binding a growth factor receptor. Slnca tharo ara many receptor 
sites, this method permits dallvary of larga amounts of drug to tha 
correct call type. 

Antibody Dependant Cellular Cytotoxicity 

Tha praaant Invention also Involves a method based on the use 
of antibodies which are (a) directed against growth factor 
receptors such as HER2 pl85, gad 0>) belong to a subclass or 
isotype that Is capable of Mediating tha lysis of tumor cells to 
which tha antibody Molecule binds . More specifically , these 
antibodies should belong to a subclass or isotype that, upon 
complexlng with growth factor receptors, activates serum complement 
and/or Mediates antibody dependent cellular cytotoxicity (ADCC) by 
activating effector cells such as natural killer cells or 
Macrophages . 

the present invention is alao directed to the use of these 
antibodies, In their native form, for therapy of human tumors. For 
example, many IgG2a and IgG3 mouse antibodies which bind tumor, 
ax -oc la tad cell surface antigens can be used Jjj vivp for tumor 
therapy. In fact, since HER2 pl8S is present on a variety of 
tumors, the subject antibodies and their therapeutic use have 
general applicability. 

Biological activity of antibodies Is known to be determined, 
to a large extent, by the Fc region of the antibody molecule 
(Uananue and Benacerraf , Textbook of I ammo lop # 2nd Edition , 
Williams & Wilkins, p. 218 (1984)). This includes their ability to 
activate complement and to mediate antibody -dependent cellular 
cytotoxicity (ADCC) as effected by leukocytes. Antibodies of 
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dlffarant clasaas and fubcluiu dlffar in this raapact, and, 
according Co eh* praaant invantion, antlbodlaa of Choaa claasaa 
having tha daalrad biological activity ara aalectad. For example, 
souse isssunoglobullns of tha IgC3 and IgG2a claaa ara capabla of 
activating serum complement upon binding to tha targat calls which 
sxprass tha cognata antlgan. 



10 



In gaharal t antlbodlaa of tha IgG2a and IgC3 ubclasa and 
occasional ly IgCl can Mdlata ADCC, and antlbodlaa of tha IgC3 t and 
IgC2a and IgH aubclaaaaa bind and actlvata serum compleMnt. 
Complement activation ganarally requires tha binding of at least 
tvo IgG molecules in cloaa proximity on tha targat call. However, 
tha binding of only ona IgH aolacula activataa tana coaplaaant. 
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Tha ability of any particular antibody to Mdlata lyaia of tha 
tumor call targat by complement activation and/or AOCC can be 
asaayad. Tha tumor calla of intaraat ara grown and labalad jp 
vivo : tha antibody la addad to tha tumor call cultura in 
combination with althar aerum complement or luin calla which say 
ba activatad by tha antlgan antibody complexes. Cytolyala of tha 
targat tumor calls la datactad by tha ralaaaa of labal from tha 
lyaad calla. In fact, antlbodlaa can ba scraanad using tha 
patient' a own serum as a sourca of compleMnt and/or Immune calls. 
Tha antibody that is capabla of activating complement or nadiating 
ADCC .in tha In vitro tast can than ba usad tharapautlcally in that 
particular patlant. 
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Antlbodlaa of virtually any origin can ba usad according to 
this embodiment of tha prasant Invantion provldad thay bind growth 
factor racaptors such as HER2 pl85 and can actlvata compleMnt or 
aadiata ADCC. Monoclonal antlbodlaa of far tha advantaga of a 
continuous, ample supply. In fact, by immuniting mica with, for 
axaapla, HER2 p!85, astabliahing hybridomas making antlbodlaa to 
pl85 and selecting hybridous Baking antlbodlaa which can lysa 
tumor calls In tha presence of huaan complement, It la possible to 
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rapidly establish a panel of antibodioa capable of reacting with 
and lyolng * largo variety of human tumors. 

Therapeutic Psas of the Antibodies 

Vhon used In vivo for therapy, tho antibodies of the subject 
invontion are adalnistered to tho patlont in therapeutically 
•ffoctiva amounts (l.o. amounts that eliminate or reduce tho 
patlont' a tumor bur don). Tfcoy will normally bo administered 
parencerally, whex. possible, at tho targot coll *ite, or 
intravenously. Tho doao and dosage regimen will dopond upon tho 
naturo of tho cancor (primary or metastatic), ita population, tho 
alto to which tho antibodioa aro to bo di roc tod, tho 
characteristic* of tho particular immunotoxin (whan used), a.g., 
ita thorapoutlc index, tho patient, and tho patlont' a history. Tho 
amount of antibody administered will typically bo In tho range of 
about 0.1 to about 10 ag/kg of patient weight. 

For parenteral adalnistratlon tho antibodioa will be 
formulated In a unit dosage injectable fora (solution, suspension, 
oaulslon) in association with a pharaaceutlcally acceptable 
parenteral vehicle. Such vehicles are inherently nontoxic, and 
non- therapeutic. examples of such vehicles are water, saline, 
Ringer's solution, dextrose solution, and 5% huaan serua albualn. 
Nonaqueous vehicles such as fixed oils and ethyl oleate aay also be 
used. Liposomes aay be used as carriers. Tho vehicle aay contain 
minor amounts of additives such as substances that enhance 
iaotonlclty and cheaical stability, o.g., buffers and 
preservativea . The antibodies will typically bo formulated in such 
vehicles at concentrations of about 1 ag/al to 10 ag/al. 

The selection of an antibody subclass for therapy will depend 
upon the nature of the tumor antigen. For example, an IgK aay be 
preferred in situations where the antigen is highly specific tor 
the tumor target and rarely occurs on normal cells. However, where 
the tumor-associated antigen is also expressed in normal tissues, 
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alba it at much lowar lave Is, tha IgC subclass may ba preferred for 
tha following ruion: since the binding of at laaat two IgC 
molecules In cloao proximity la raqulrad to activate com? lament, 
loaa complement mediatad damage may occur In tha normal tlaauaa 
which axpraaa smaller amounts of tha antigen and, therefore, bind 
fawar IgC antibody molecules. Furthermore, IgG molecules by balng 
smaller may ba more abla than IgH molecules to localize to tumor 
tlaaua . 

Thar a la avldanca that complement activation la vivo laada to 
a varlaty of biological af facta, Including tha Induction of ^an 
Inflammatory raaponaa and tha activation of macrophages (Uananua 
and Banacarraf, Textbook qf TmmMffiTl ft FT 2nd Edition, Williams & 
Wllkina , p. 218 (1984)). Tumor calla ara mora aanaltlva to a 
cytolytic affact of actlvatad macrophagaa than ara normal calla t 
Fldlar and Posts, Snrlnssr s— <n Timm^rtwO it u\ (1982). Tha 
Incraaaad vasodilation accomp an y i ng Inflammation may increase tha 
ability of various ant 1 -cancer agents, such aa chamo tha r apau 1 1c 
drugs, radio laballad antlbodlaa, ate., to localise in tumor 
Therefore, antigen- antibody combinations of tha typa apaclflad by 
this lnvantlon cat; ba usad tharapautlcally In many waya and may 
clrcumvant many of tha problams normally cauaad by tha 
hataroganalty of tumor call populations. Additionally, purlflad 
antlgana (Uakomorl, Ann, tiv t— 2. 103 (1984)) or anti- 
idiotype antlbodlaa (Kaposi al. , Proc. Metl. Acsd ^ | , sj fcf 2864 
(1985); Koprowskl a£ ml*. Proc. Wit! Acad. Scl fll, 216 (1984)) 
ralatlng to such antlgana could ba usad to Indues an actlva Immiiin 
rasponsa In human cancar patlanta. Such a rasponsa lncludaa tha 
formation of antlbodlaa capabla of activating human complamant and 
madia ting ADCC and by such machanlams causa tumor daatructlon. 

IlffilTlft f aava 

Dascrlbad herein ara serological mathods for datarmlnlng tha 
prasanca of HER2 pl85. Essentially, tha procassaa of this 
lnvantlon comprlsa Incubating or otharwlsa exposing tha aampla to 
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b« tested to monoclonal antibodies end detecting the prmoct of a 
reaction product. Those skilled in the art will recognize that 
there are many variations of thos* basic procedures. These 
include, for example. RIA, ELISA, precipitation, agglutination, 
complement fixation and isssuno- fluorescence. In the currently 
prafarrad procaduras , tha monoclonal antibodias ara appropriately 
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Tha laba! that ara used in Baking labeled vers* of, the 
antibodies include no ie ties that nay be detected directly, such as 
radlolabele and fluorochromss , as well aa noletiee , such as 
enzynes, that nust be reacted or derivatlzed to be detected, the 
radio label can be detected by any of tha currently available 
counting proceduree. The preferred isotope laba la are 
131 If 12S It 3h 32 F ^ 35 s# the enzyme label can be detected by 
any of the currently utilized calorie* trie, spec tropho toe* trie , 
fluorospectro-photosmtrlc or gasometric techniquaa. The enzyme is 
conbined with the antibody with bridging nolecules such as 
carbodllmldes, periodata, diiaocyanataa , glutar aldehyde and the 
like. Many enzynes which can be used in theae procedures are known 
and can be utilized. Examples are peroxidase, alkaline 
phosphatase, fi- glucuronidase , £-D-glucosldase c £-D-galactoelda*e, 
urease, glucose oxidase plus peroxidase, galactoae oxidase plus 
peroxidase and acid phosphatase. Fluorescent materials which may 
be used include , for example , fluorescein and its derivatives , 
rhodamine and its derivatives f auramtne , dansyl , umbellif erone , 
luclf eria v 2 » 3 - di hydrop h th a l a x 1 nedi onea v horseradish peroxidase , 
alkaline phosphatase, lysozyme, and glucose- 6 •phosphate 
dehydrogenase. The antibodies may be tagged with such labels by 
known methods. For instance, coupling agents such as aldehydes, 
carbodiimidea, dimaleimide, imi dates, succinimidea, bld-diazotlzed 
benzadina and the like may be used to tag tha antibodies with the 
above -described fluorescent, chemiluminescent, and enzyme labels. 
Various labeling techniques are described in Morrison, Method* In 
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engvoloffv 12b. 103 (1974). Syvanen ft£ JLL- . ■* **ol 284. 
3762 (1973) and Bolton and Hun tor. aiochom J. HI, S29 (1973). 

Tho antibodlea and labeled antibodies iaj bo used In a variety 
of immunolmaglng or lunnimj procoduroo to dotoct tho proaonco 
oi cancor in a patlont or monitor tho statue of auch eancor in a 
patlont already diagnosed to havo it. Whan uaod to monitor tho 
atatua of a cancer, a quantitative immunoassay procoduro must bo 
uaod. If auch monitoring cMtmfB aro carriod cv v periodically and 
tha roaulta compared, a datanilnation may bo made regarding who tho r 
tho patient' » tumor bur dan haa incraaaod or docraaaod. Common 
assay tochniquaa that aay bo uaod include direct and indirect 
aaaaya. If tho sample includes cancer cells, the labeled antibody 
vill bind to those cells. After vaehlng the tissue or cells to 
remove unbound labeled antibody, the tiseuo sample la read for the 
presence of labeled Ib—iiii complexes . In Indirect aaaaya tha 
tissue or cell sample la Incubated vith unlabeled monoclonal 
antibody . Tho sample la then treated vith a labeled antibody 
against tha monoclonal antibody (a.g. , a labeled entlmurine 
antibody), vaehed, and read for the presence of ternary complexes. 

For diagnostic use the antibodies vill typically -bo 
distributed in kit form. These kits vill typically comprise: tho 
antibody in labeled or unlabeled form in suitable containers , 
reagents for the incubations for an indirect assay, and substrates 
or derivatlzing agents depending on the nature of the label. HER2 
p!85 controls and instructions may alao be Included. 

The following examples are offered to more fully illustrate 
the invention, but are not to be construed as limiting the scope 
thereof. 
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Cel. 



A sorlos of NIH 3T3 coll linos oxproosing various lovols of 
pl6S voro constructod as disclosod in Hudzisk «i. , Proc . Hatl . 
Acad, s^i m*A\ 7159 (1987). Tho parontal coll lino hsd « 

nontransformod, TNF-a-sonsltivo phsnotypo. Tho control coll lino 
(ITCH 3T3 noo/dhfr) was pzoporod by transfoctlon with pCVR, on 
oxprossion plssmid oncoding noosjycln ros is tones as a soloctablo 
markor, and dihydrofolato roductaso (vhlch oncodos mothotroxats 
ro sis tones and vhlch pontits amplification of assoclatod DRA 
soquoncos). pCVH-HQL2 (vhlch oncodos, in addition, tho ontiro 1255 
sal no acid p!85 rocoptor-llko tyros ins klnaso undor tho 
transcriptional control of tho RSV-LTR) vas lntroducod into NIH 3T3 
colls in a parallol transfoctlon. Transfoctanta voro soloctod by 
r ss is tones to tho aminoglycosido antibiotic C418. Tho pCVH-HE5L2 
primary transfoctanta (HER2-3) do not havo a transformed morphology 
and fall to grov In soft agar. Stopviso amplification of HER2 
oxprossion by soloctlon in 200nK (HER2-3200>« 400 (HOtfO^), 
and 800 nM (HER2-3goo) no thotroxato ( hovovor, rs suits in 
transformation as judgod by morphological crltorla, tho ability to 
grov In soft agar, and tho ability to form tumors in nudo mlco. 



Tho amplification of oxprossion of pl85 vas documontsd by 
isBBunoprocipltatlon from colls that voro motabolically labolod vith 
^S-mothlonlno. Tho tyroslno klnaso activity assoclatod vith p!85 
in thoso coll linos vas moaaurod by autophosphory lotion In vitro . 
Por an autoradiograph of 35 S-mothlonino labolod p!85, 200 >*Ci of 
35 S-mothionino (Amor sham; 1132 Ci/mmol) vas addod to 1.3 ml of 
mothionlno-froo labs ling modlum, containing 2% dlalyzod fotal 
bovlno ssnmi. 1.0 x 10* colls of oach typo voro countod by Coultor 
countor, platod in 60 mm culturs dlohoo (Falcon), and allovod to 
adhoro for 12 h. Following an 8 h labollng porlod tho colls voro 
lysod and tho HER2-oncodod pl85 vas analyzed. For an 
autoradiograph of sslf -phosphorylatod HER2-rocoptor tyroslno 
klnaso, ths pl85 vas immunoproclpltatod and tho pollot vas 
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raauapandad in 50 pi of tyros In* klnaaa reaction buffer. Tha 
aaaplaa war* lneubatad at 4*C for 20 sin. Tha aalf -phoaphorylatad 

m 

pl85 from the various cell 11ms was than visualized by 
autoradiography following gal electrophoresis. Tha molecular 
weight markers usad vara ay o sin (200kD) and 0-galactosldasa 
(116kT). tha ra suits shovad that expression of p!8S and Its 
associated tyrosine kinase Increased in parallel during 
amplification. Quantitative densitometry of tha in vitro 
autophosphorylatlon reactions showed that tha tyrosine kinase 
activity Increased at laaat 5 to 6- fold between HER2-3 and HER2- 
3200 "M* between HER2-3200 mod HER2-3400. while only a small 
difference was observed between HEK2-3400 *nd HER2-3goo (••• the 
Tyrosine Kinase column of Table 1 below) . 

Eelatlve amounts of tyrosine kinase present In each of the 
cell types of Table 1 were determined by taking ratloa of the areas 
under the curves obtained by scanning autoradlograma (using an 
UCB2202 laser densitometer). The autoradlograma had been exposed 
for various times to allow for linearity in the determinations, and 
then normalized by comparison to the HER 2 primary transfectant 
(HER2-3). 



The cell lines described above were then tested for 
25 sensitivity to TNF-o and macrophage- Induced cytotoxicity. 

In Figure la, TNF-o resistance of the control cells and tha 
HER2-transfected BUH 3T3 cells is shown. Cells were seeded into 
96-well microtlter platea at a density of 5,000 cells/well in MEM 

30 supplemented with 10% calf serum, 2mM L-glutamine, 100 U/rnl 

penicillin and 100 jig/ml atreptomycin. The cells were allowed to 
adhere for 4 hrs before the addition of a range of concentrations 
of TNF-o. Specific activity of the TNF-o (recombinant human TNF-o) 
waa 5 x 10 7 U/mg as determined in an L-M cell cytotoxicity assay in 

35 the presence of actinomycin D. After incubation at 37 0 C for 72 hr ( 
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the monolayers were vuhtd vith PES and stained vith crystal violet 
dye for determination o£ relative call viability. Thaaa 
meaeurementa vara repeated alx times. Raaulta from a 
rapraaantatlva experiment ara shovn In Figure la. 

5 

In Flgura lb, macropoage -mediated cytotoxicity aaaaya .re 
ahovn. THF-o raaiatant calla (nao/dhfr HTE) vara darivad by 
subculturing a clona of HIH 3T3 nao/dhfr in madia containing 10,000 
U/r\ TNF-o. For macrophage cytotoxicity assaya, HIH 3T3 ->eo/dhfr, 

10 UER2*3$oo «nd nao/dhfr HTE calla vara aaadad into 96-vell 

microti tar plataa aa in la above. Human macrophaga* vara obtainad 
aa adharant calla from paripharal blood of haalthy donors. 
Adharant calla vara acrapad and raauapandad in madia, activated for 
4 hr. vith 10 pg/ml £. coll -darivad lipopolyaaccharlde (LPS; Sigma) 

15 and 100 U/ml of racomblnant human interferon- gamma (rttuIFN-7, 

Canantach, Inc.)* Tha call suspension vaa than centrifuged for 10 
minutes at 1200 rpm and tha resulting pallet vaa vaahad vith madia 
to remove the LPS and rHuIFH-7. The macrophages vara raauapandad 
in madia, counted, and than added to tha target calla to obtain the 

20 desired effector to target ratios. After a 72 hr incubation at 

37* C, the monolayers vara vaahad vith madia and 51 Cr vaa added to 
each veil for determination of viability by 

31 Ct 

uptake. 
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Table 1 



Correlation between HER2 -associated tyrosine kinase levels and 
raalatanca to TNF-a 



Pe r c en t Tyros ino 

VliblUty Kir*- 



~ 1. KIH 3T3 noo/dhfr 3.6 + 0.6 * 

10 2. NIH 3T3 n*o/dhfr400 8-3 ±1.0 * 

3. HER2-3 2.0 ± 0.4 l.u 

4. HER2-3 2 oo 27.5 + 2.7 6.73 

5. HER2-3 40 o 48 4 ± 14 32. 4S 

6. HER2-3 80 0 58.7 ♦ 1.3 39.61 
15 7. BT-20 1.6 ♦ 0.3 <0.1 

8. MCF7 2.5 ± 0.3 0.26 

9. MDA-KB-361 26.8 + 6.6 10.65 

10. MDA-HB-175-VII 31.2 ♦ 4.4 0.9 

11. SK-BK-3 56.4 + 5.5 31.0 
20 12. MDA-KB-231 64.2 ♦ 9.3 <0.1 

* not Mtiurid 



40 



Percent viability la given at 1.0 x 10 4 cytotoxicity unite par al 
of TNF-a. Tha braaat tumor call llnaa vara obtained froa tha ATCC 
and maintained in DHiSH supplemented with 10% fatal bovlna una 2 
■M glutamlna, 100 U/ml panic ill In and 100 Mg/ml etreptomycin. 

Aa shown in Fig. la and Tabla 1, stepwise amplification of 
HER2 racaptor expression raaultad in a parallal induction of 
raalatanca to TNF-a. Tha primary tranefectanta (HER2-3) ( which do 
not have a transformed phanotypa , demonstrated llttla incraaaad 
raalatanca. However , tha transformed llnaa HER2-3 2 oo. HER2-3 400 
and H£R2-3goo do ahov a stepwise loaa in aanaltlvity to TNF-a - 
mediated cytotoxicity aa compared to NIH 3T3 nao/dhfr (Fig. la and 
Tabla 1), although tha MDA-MB-175-VII calla had alavatad p!85 
axpraaaion compared to tha TNF-o aanaltlva BT20 and MCF7 call 
linaa. In correlation with tha lavala of p!85 axpraaaion (Tabla 
1), tha difference in sensitivity of HER2-3 2 00 HER2-34QQ (27.5% 
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v. 48.4* virility .t 1 , 10* O/Wl m-., I. ^..^ ^ ^ 
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also shoved that ovaraxpreeslon 
receptor, end cellular transformation by the 
corralataa with resistance to THF-o. 



of tfaa EOF 
oncogene t 



10 



15 



20 



iptor Binding 

In ordar to Investigate vhathar tba THF-o racaptor vaa altarad 
in HER2-30OO, aa oppoaad to NIH 3T3 nao/dhfr, tha binding of 125 I- 
labalad THF-o vaa coaparad batvaan tha«a call Unas. Figure 2 
•bows a THF-o racaptor binding analysis. Displacaaant curvaa show 
binding of l25 I-THF-« to HIH 3T3 nao/dhfr and Hm2-3 800 . 
Competition binding assays vara performed. Br i a fly, a suspension 
of 2.0 x 10 6 calls vara incubatad in a final volume of 0.5 ml of 
&FMI-1640 medium containing 10% fatal bovine serum. Binding of 
125 I -THF-o (0.2 x 10 6 cpm) to tha calls vaa datermined in tha 
presence or absanca of varying concantrationa of unlabalad THF-o at 
4 # C undar saturation equilibrium conditions. Each data point 
raprassnta tha aaan of tripllcata dataralnatlone. After incubation 
ova might, calls vara vaahad tvica vith incubation buffar and call 
bound radioactivity vaa datarainad. Hon- spa c if 1c binding vaa <10% 
of total binding. 



25 



Tha raaulta shovad a 2-3 fold incraaaa in total spaclflc 
binding for HER2-3 S0 0 *• coaparad to HIH 3T3 nao/dhfr (Fig. 2). In 
addition, tha displacaaant curva for binding on HER2*3§oq la also 
shiftsd toward lovar affinity binding as coaparad to HIH 3T3 
nao/dhfr (Fig. 2). 
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Production of Antl-fl 

Fiva faaala Balb/c aica vara immunized vith HER2 aaplif lad HIH 
3T3 tranaforaad calls ovar a pariod of 22 veeka. Tha first four 
inj set ions aach had approximately 10 7 calls/aousa. Thay vara 
adainlatarad intraparitonaally in half a aillilitar of PBS on vaaks 
0 t 2, 5, 7. InJ actions fiva and six vara vith a vhaat gara 
agglutinin partially purified aeabrane preparation which had a 
whole protein concentration of about 700 »g/nl. A 100 jil/lnjectlon 
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vu administered co each sous* intraperltoneally on weeks 9 and 13. 
The lut injection vu also vlth the purified material but vai 
administered three days prfor to tho date of fusion intravenously. 

Bleeds from tho mice vere tested at various times in a 
radio! mmunripreclpltatlon using vhole call lysatee. The thraa mice 
vlth the highest antibody tltara vere sacrificed and aplaana vara 
fuaad vlth tha mourn* myeloma call Una X63-Ag8 .653 using tha 
general procadura of Mishall & Shiigi, Selected Mathods ^ Cellular 
TimoloyY 1 v.H. Fraaaan & Co. , San Francisco, p. 357-363 (1980) 
vlth tha following exceptions. Calls vara platad at a danslty of 
approximately 2 x 10 5 calls/vall into tan 96 vail micro titer 
plates. Hybrids vera selected using hypoxanthine-axoaerlne rather 
than hypoxan thine -amlnop tern- thymidine (HAT). 

Hybridoaa supernatents vera teated for presence of antibodies 
specific for HER2 receptor by ELISA and radio t —i i > 1 1 prec ip 1 tat ion . 

For the ELISA, 3.5 Mg/ml of the HER2 receptor (purified on the 
vheat germ agglutinin column) in PBS vaa adsorbed to immulon II 
microtlter plates c trnight at 4*C or for 2 hours at room 
temperature. Flataa vere than vaahed vlth phosphate buffered 
saline vlth .05% Tveen 20 (FBS-TV20) to remove unbound antigen. 
Remaining binding sir-i vere than blocked vlth 200 ;il par veil of 
1% bovine serum albumin (BSA) in PBS-TV20 and incubated 1 hour at 
room temperature. Flataa vara vaahed as above and 100 pi of 
hybrldoma supernatant vas added to each vail and incubated for 1 
hour at room temperature. Plates vere vaahed again and 100 pi per 
veil of an appropriate dilution of goat ant 1 -mouse immunoglobulin 
coupled to horseradlah peroxidase vas added. Tha plates vere 
incubated again for 1 hour at room temperature and then vaahed as 
above. 0*phenylene diamine vaa added as substrata, Incubated for 
15-20 minutes at room temperature and then the reaction vaa stopped 
vlth 2.5 M H2SO4. The absorbance of each veil vaa then read at 492 
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For the nillnl— mriprsrlplf srf mi first the wheat germ 
purified HER2 receptor preparation vu autophosphorylatod in the 
following uanir: * kinase solution with ths following final 
concentrations was made: .16 mCl/ml 7F 32 -ATP (Amersham) , .4mM 
neCl2, .2mH MnCl 2 , 10>iH ATP. 35 pg/ml total protein concentration 
of partially purified HER2 all diluted in 20s* Hopes, 0.1% trlton 
10% glycerol buffer (HTC). This reaction was incubated for 30 
ainuteo at room temperature. 50 jil hybrldoma supernatant was then 
added to 50 pi of the kinase reaction and Incubated 1 hour at room 
teaperature. 50 pi of goat anti -mouse IgC precoated protein- A 
sepharose CIAB, at a sepharose concentration of 80 mg/ml, was added 
to each sample and incubated 1 hour at room teaperature. The 
resulting Immunocomplexes were then washed by centrlfugatlon twice 
with HTC buffer and finally with .2% deoxycholate .2% Tween 20 in 
PES, in a microfuge and aspirated between washes. Seducing sample 
buffer was added to each sample and samples were heated at 95 *C for 
2*5 minutes , Insoluble material was removed by centrlfugatlon and 

* 

F 

the reduced t— inrir nmpl it was loaded onto a 7.5% polyacrylamide gel 
containing SDS. The gel was run at 30 amp constant current and an 
autoradlograph was obtained from the finished gel. 

* 

Approximately 5% of the total well sup eras tan ts reacted with 
the HER2 receptor in the ELISA and/or radio \mm\i\ u >proc ip 1 tat ion . 
Prom this initial 5% (about 100), some hybrids produced low 
affinity antibodies and others suffered from instability and 
stopped secreting antibodies leaving a total of 10 high affinity 
stable HE&2 specific antibody producing cell lines. These were 
expanded and cloned by limiting dilution (01, V.T. and Herzeriberg, 
L.A. , 'Immunoglobulin Producing Hybrid Cell Lines" In Selected 
Methods In Cm\\xi\*r I— imologv. p. 351-372 Klshell, B.B. and 
Shllgl. S.M. (eds.), V.H. Freeman and Co. (1980)). Large 
quantities of specific monoclonal antibodies were produced by 
injection of cloned hybridoma cells in pristaned primed mice to 
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produce Ascitic tumors. Ascites vera then collected and purified 
over a protein -A eepharoee column. 

Screening of Antibodies 
5 .The 10 high affinity monoclonal antibodies vara than acraanad 

in a number of assays for anti- transformation or antl-cumor call 
activity. Monoclonal antibodiaa vara salactad on tha basis of 
grovth inhibiting activity against tha human tumor Una SK BR3 
vhlch is darivad from a braast tumor and contains an ampliflad HER2 
10 gana and overexpresses tha HER2 pl85 tyroalna kinasa. Tha initial 

scraan usad condltlonad madium (madium in vhich tha calls vara 
grown for savaral days containing any aacratad products of tha 
calls including antibodiaa producad by tha calls) from tha \ 
hybrldoaa call linaa. 

15 

SK KR3 calla vara platad at 20.000 calls/35 mm dish. Elthar 
condltlonad madium from tha hybridoma parant Una (producing \ 
avarything but antl-HER2 monoclonals) as a control, or tha antl* 
HER2 monoclonals vara addad. Altar 6 days, tha total numbar of SK 

20 B&3 calls vara countad using an alactronic Coultar call countar. 

Calls vara grown in a 1:1 mixture of F-12 and MEM supplemented 
vith 10% fatal bovine serum, glutamlne, and panic ill ins trap tomyc in. 
Tha voluma par plata vaa 2 mls/35mm dish. 0.2 mis of myaloma 
condltlonad madium vas addad par 35mm dish. £*ch control or anti- 

25 UER2 MAb vas assayad in dupllcata and tha two counts avaragad. 

Tha rasult of tha survay la ahovn in Figura 3. Monoclonal 
antibody 4D5 k rkadly inhlbltad tha grovth of tha braast tumor Una 
SK BR3 . Othar anti-HER2 antlbodlas Inhlbltad grovth to a 
30 significant but laasar axtant (egs., MAbs 3E8 and 3H4). Still 

othar antl-HER2 antibodiaa (not shown) did not inhibit grovth. 

A rapaat experiment using purlfiad antibody rathar than 
hybridoma condltlonad madium confirmed tha results of Figura 3. 
35 Figura 4 is a dose response curve comparing the effect of an 
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lrralavant monoclonal antibody (antl-HBV) and monoclonal antibody 
405 (antl-HER2) on tha grovth of tha St BR3 coll lino in 10% fatal 
bovina sa rum. 

\ 

4 

5 Down Ra filiation of tha HER2 Racaptor 

Tha SK BR3 calla vara pulaa labalad with lOOucl 35 S-trthlonlna 
for 12 hours in mathlonlns-fraa madlusa. Than aithar an Irralavant 
(antl-Hapatltia B aurfaca antlgan) or antl-HER2 MAb (405) vas addad 
to tha calla at 5 pg/wl. After 11 houra, tha calla v*ra lyaad and 
10 HER2 pl85 immunoprac ip 1 ta taa and tha protalna vara analyxad by a 

7.5% acrylamlda gal follovad by autoradiography. Tha SOS -PACE g«l 
of tha 35 S-mathlonlna labalad HER2 pl85 from SK BR3 calla 
damonstratad that tha HER2 lava la ara dovnragulatad by MAb 4D5. 
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Trias—at of Br tut Hawr Ctlli vltfa 
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25 



30 



SK-BR-3 braaat tumor calla vara aaadad at a danaity of 4 x 10* 
calla par vail in 96-vall mlcrotitar plataa and allovad to adhara 
for 2 houra * Tha calla vara than traatad vith dlf f arant 
concantratlona of antl-HER2 Monoclonal antibody (MAb) 405 or 
Irralavant laotypa matchad (antl-rHuIFH-7 MAb) at 0.05, 0.5 or 5.0 
jig/ml for 4 houra prior to tha addition of 100, 1,000 or 10,000 
U/ml rHuTNF-a. Af tar a 72 hour Incubation, tha call mooolayars 
vara atalnad vith crystal violat dya for da tarmi nation of ralatlva 
parcant viability (RPV) comparad to control (untraatad) calla* 
Each traatsjant group conaiatad of 6 raplicataa. Tha raaulta ara 
shown in Figuraa 5 and 6. Thaaa Flguraa ahov that incubation of 
calla ovaraxpraaalng HER? racaptor vith antibodlaa dlractad to tha 
axtracallular domain of tha racaptor Indue a aanaltlvlty to tha 
cytotoxic off acta of TNF-o. Equivalant traatmant of braaat tumor 
calla KDA-MB-175 VII gava similar raaulta (aaa Flgura 7). 
Traatmant of human fatal lung flbroblaata (VI -38) vith MAb rasultad 
in no growth inhibition or induction of aanaltlvlty to TNF-a as 
axpactad. 
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Traatmant of WTH 3T3 



1? nliS with Monoclonal 



10 



15 



20 



*IH 3T3 HER2-3400 colls voro tmtcd with different 
concantrations of antl-HBL2 KAba aa in tha abova daacrlbad 
trutunt of SK-BR3 calla. Tha raaulta for KAb 405 sra shovn in 
Flgura 8. Tha raaulta indlcata that calla othar than of ~.jaat 
tumor call linos vhich ovaraxpraaa tha HER 2 racaptor axa gxovth 
inhibited by sntlbodlas to tha HER2 racaptor, and sansitivity to 
TWF-a la lnducad i& tha prsssnca of thasa antibodlaa. 

In Vivo Traatmant of KTH 3T3 Calla Ovaraxnraaalna HER2 with Antl- 
HER? TfC?A Monoclonal Antibodlaa 

BTH 3T3 calla tranafactad with althar a HER2 axpraaalon 
pl&smld (fTTB 3T34oo> or tha nao-DHFB. vactor vara injactad into 
nu/nu (a thymic) mica subcu tanaoua ly at a doaa of 10* calls in 0.1 
ml of phosphata-buf farad sallna. On days 0, 1, 5 and ovary 4 daya 
tharasftar, 100 Ml (0.1 ml in PBS) of althar an irralovant or antl- 
HER2 monoclonal antibody of tha IgC2A subclass was Injactad 
Intraparltonaally. Timor occurronco and six a vara monitor ad for 
tha 1 month parlod of traatmant. 
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Croup » Call Una TriiflmtPt 



2 
3 
4 



HER2 (3T340Q) 



Irralovant KAb 

(antl-Hapatitis 
B Virus) 



2 (3T34Q0) 2H11 antl-HER2 



12 (3T34Q0) 3E8 antl-HER2 
mo/DHFR Hon* 



6/6 

2/6 
0/6 
0/6 



Tuaor Sis* 
of Survivors: 
Length x Width 
Average in aa* 



401 
139 
0 
0 
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Table 2 above that tha 2H11 MAb has mm antitumor activity (MAb 
2H11 haa vary slight growth inhibiting properties whan acreened 
against twor line SK B&3) end the 3E8 HAb gives 100% tumor growth 
Inhibition during tha course of tha experiment. 
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while tha Invention haa baan daacrlbad In what la cons Ida rad 
to ba Ita prafarrad embodiments, It la not to bo 11ml tad to tha 
disc lo sad embodiments, but on tha contrary t la interred to covar 
varloua modlficatlona and equivalante Includad within Jia aplrit 
and acopa of tha appended claims, which acopa la to ba accordad tha 
broadaat interpretation so as to encompass all such modifications 
and aquivalanta. 
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1. A monoclonal antibody •pacifically binding tha axtracallular 
domain of tha HE&2 racaptor. 



5 2. A Monoclonal antibody at in claim 1 .which la capabla of 

Inhibiting tha HER2 racaptor function. 

3. A Monoclonal antibody aa in claim 1 which la capabla of 
Jnhibiting aarun activation of HER 2 racaptor function. 

10 

4 . A Monoclonal antibody aa in claim 1 which la a aurlna 
Monoclonal antibody. 

5. A Monoclonal antibody aa in claim 1 which la a Murina -human 
15 hybrid antibody. 



6. A monoclonal antibody aa in claim 1 wharaln aaid antibody 
•pacifically block* tha ligand binding alta of tha BER2 racaptor. 

20 7. A monoclonal antibody aa in claim 1 which down ragulataa tha 

HER2 racaptor. 

8. A monoclonal antibody aa in claim 1 wharaln aaid antibody la 
capabla of activating complamant. 

23 

9. A monoclonal antibody aa in claim l v wharaln aaid antibody la 
capabla of madiatlng antibody dapandant callular cytotoxicity. 

10. An immuno toxin which la a conjugata of a cytotoxic molaty and 
30 tha antibody of claim 1. 



11. A hybrldoma producing tha monoclonal antibody of claim 1. 
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12. An aseay for detecting * tumor comprising the ittpi of: 

exposing cells to antibodies specifically binding tho 
extracellular domain of tho HER2 receptor, and 

determining tho oxtont of binding of sold antibodies to 
5 sold coll*. 

13. An assay as In claim 12 who rain aaid antibodloa are monoclonal 
antibodiaa . 

10 14. An assay as in claim 12 vhoroin tho assay is an ELISA assay. 

15. An assay as in claim 12 vhoroin said colls remain vithin tho 
body of a mammal, said antibodloa aro taggod with a radioactivo 
lsotopo and administered to tho mammal, and tho oxtont of binding 

15 of said antibodloa to said colls is obsorvad by oxtornal scanning 

for radioactivity. 

16. A method of inhibiting tho growth of tumor colls comprising: 

a d m inis tering to a patlont a thorapoutlcally effective 
20 amount of antibodloa capablo of inhibiting tho HER2 rocoptor 

function. 

17. A mathod as in claim 16 vhoroin said antibodiaa specifically 
blocks tho llgand binding alto of the HE&2 receptor. 

25 

IS. A mathod as in claim 16 vhoroin said antibodies are conjugated 
to a cytotoxic moiety. 

19. A method as in claim 16 vhoroin said antibodies are capable of 
30 activating complement. 

20. A method as in claim 16 vhoroin said antibodloa are capable of 
mediating antibody dependent cellular cytotoxicity. 
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21. A method as In claim 16 wherein aald antibodies are monoclonal 
antibodies . 



2: . A Mthod as in claim 16 wherein the tuaor calls coaprlae a 
5 cerclnoaa aalaetad froa buaan breast, renal, gastric and salivary 

gland caxclnoaaa, or othar tumor call types expreeeln* tha HER2 
racaptor . 



20 



25 



23. A method ot treating tuaor calla comprising tha a tap* of 

10 administering to a patiant a therapeutically effective 

amount of antlbodiea capable of inhibiting grovth factor receptor 
function; and 

administering to a patient a therapeutically effective 
amount of a cytotoxic factor. 

15 

24. A method as in claim 23 wherein aald cytotoxic factor la 
selected froa the group consisting of THF-o, THF-0, IL-1, IFN-7 and 
IL-2! 

25. A method aa in claim 23 wherein aaid cytotoxic factor la THF-a 

26. A method as in claim 23 wherein aald antlbodiea interrupt an 
autocrine grovth cycle. 

27. A method as in claim 23 wherein aald antlbodiea apecifically 
bind a growth factor receptor. 



28. A method as in claim 27 wherein the grovth factor receptor la 
aelected froa the group consisting of the BCF receptor and the HER2 

30 receptor. 

29. A aethod as in claim 23 wherein aald antlbodiea apecifically 
bind a grovth factor. 
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30. A aathod aa in clala 29 vharaln said growth factor is sslactad 
froa tha group consisting of BGF, TCF-o and TCF-0. 



31. A aathod aa In clala 23 vharaln aaid antlbodlss 
antibodies . 
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32. A aathod as In clala 23 vharaln Mid antlbodlas ax* conjugated 
to a cytotoxic aoiety. 

33. A aathod aa in clala 23 vharaln said antlbodlas ara capabla of 
activating coaplaaant. 



34. A Mthod as in clala 23 vharaln said antlbodlas ara capabla of 
aadlating antibody dspandsnt callular cytotoxicity. 

35. A aathod as in clala 23 vharain tha tuaor calls coapriss a 
carcinoaa salactad froa huaan brsaat, ranal, gaatrlc and aallvsry 
gland carcli 



36. An assay for racaptors and othar protains having incraasad 
tyrosina kinaaa activity coaprlsing tha ataps of: 

(a) axposlng calls suspactsd to ba TNF-a ssnsitlva to TtfF-a; 

(b) isolating thosa calls which ara THF-a rasistant; 

(c) scrasning tha isolatad calls for incraasad tyrosina kinasa 
activity; and 

(d) isolating racaptors and othar pro to ins having incraasad 
tyrosina kinaaa activity. 

37. A coaposltion suitable for adainlstratlon to a patlant having 
a growth factor racaptor dapandant tuaor coaprlsing (a) antlbodlss 
capabla of inhibiting growth factor racaptor function, and (b) a 
cytotoxic factor. 
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38. A composition as in clmlm 37 vborsln tha cytotoxic factor is 
salactad froa tha group consisting of THF-o, IL-1, IFH-7 and 
IL-2. 

39. An fan liu toxin as in Claia 10 vharsln tha cytotoxic aolaty is 
ricin A chain. 



WOt9/W02 



PCT/USW/OOOf 



1M> 

E 

£ 120 



5 ioo< r 



80 



60 



40 



20 




• NIH3T3neoJWhfr 
o HER2-3 



□ HER2-3 

A HER 2-3 
X HER2-3 



1 



10 100 
TNF-<*(U/ml) 



1000 



10,000 



100 



o 60 

u 

u. 
O 

5 60 



3 



40 



^ 20 




• NIH3T3 neo/dhfr 
X HER2-3qqq 

0 NIH3T3 neo/dhfr HTR 



1 



1 



1 



025:1 0 5:1 1:1 2:1 

EFFECTOR: TARGET CaL RATIO 



4:1 



WOS9/H492 



PCT/USW/IH 






03 x M38WnN TI3D 



W089/M692 



PCT/US89/0 



2100 



CD 



8u 



Art 



40 



20 



Fig. 5a 




XX) 

0-05 



1000 
0 5 



KJ00O U/mlTNF 
50 pg/ml Ab 



a. 

S 100 



2 60 



60 



ex. 



40 



20 



Fig. 5b 




100 
005 



1000 
0 5 



10000 U/mlTNF 
50 P9 /ml Ab 




WOS»/Kf92 



PCT/USW/U 



a. 

2 100 




80 



60' 



20 




100 

aos 



1000 
0 5 



10000 U/mlTNF 
S O pg/ni Ab 



Fig.6b 



WO»/tMt2 



PCT/US89/CH 



Q. 

s 100 
t 

2 80 



60 

«_> 
cr 

uj 40- 



20 



100 

0-05 



F ig .7 




1000 
0 5 



10000 U/ml7NF-* 
50 pg/mlMAb405 



iioo 



CD 



80 



60 
uj 40" 



20 




100 
005 



1000 
OS 



X 



10000 U/mlTNF-* 
5 0 |jg/ml MAb 



INTERNATIONAL SEARCH REPORT 

* PCT/US 89/00051 



4 C 12 P 21/00; C 12 N 15/00; C 12 N 5/00; G 01 N 33/574; 
1 A 61 K 39/395 




A 61 R; C 12 N 



wl socu rntrnm eonatMMO to 



WO, A, 85/03357 (ICRP PATENTS LTD; 

YEDA RESEARCH & DEVELOPMENT CO. LTD; 
GENENTECB INC . ) 
1 August 1985 

see page 36, line 15 - page 40, line 
3 

J. Natl. Cancer Ins tit., vol. 79, no. 3, 
September 1987, 

R.E. Sobol et al«: "Epidermal growth 
factor receptor expression in human 
lung carcinomas defined fay a mono* 
clonal antibody", pages 403-407 
see page 403, abstract 

Cancer Res., vol. 47, no. 14, July 
1987, 

U. Rodeck et al.: "Tumor growth 
modulation by a monoclonal 
antibody to the epidermal growth 
factor receptor: immunologically 
mediated and effector cell- independent 
effects", pages 3692-3696 



12-15 



12-15 



./ 



1-9 





nr. 



2nd Hay 1989 ' 



EUROPEAN PATENT OFFICE 




VAN DOt reTTBt 



PCTASASM f 



L 



^ 



PCT/US 89/00051 




see page 3695 



Cancer Res., vol. 46, no. 11, November 
1986, 

H. Masui et al.: "Mechanism of anti- 
tumor activity in mice for anti- 
epidermal growth factor receptor 
monoclonal antibodies with 
different i so types", pages 5592-5598 
see page 5592, abstract 

Proc. Natl. Acad. Sci., USA, vol. 83, 
December 1986, 

J. A. Drebin et al.: "Inhibition 
of tumor growth by a monoclonal 
antibody reactive with an oncogene- 
encoded tumor antigen", pages 
9129-9133 

see page 9129, abstract 
cited in the application 

Journal of Cellular Biochemistry, Growth 
Regulation of Cancer, vol. 35, no. 
4, 1987, Alan R. Liss, Inc., 
U. Rodeck et al.: "Interactions 
between growth factor receptors 
and corresponding monoclonal 
antibodies in human tumors", 
pages 315: JCB-320: JCB, 65:GRC- 
70:GRC 

see page 65:6RC 

Cell, vol. 41, July 1985, MIT, 

J. A. Drebin et al.: "Down-modulation 

of an oncogene protein product and 

reversion of the transformed 

phenotype by monoclonal antibodies", 

pages 695-706 

see page 695, abstract 

cited in the application 



1-9 



1-9 



1-9 



1-9 



t 



*+nm PCX ISAtlt («»• IMM) 



'3- Q 

ft 




PCT/US 89/00051 




CUT AM CLAIMS WUM MUM 



* 16-35, see PCT-rule 39.1 (IV); methods for treatment 
human or animal body by surgery or therapy, as well 
nostlc methods. 



of the 
diag- 





via 






ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. US 6900051 

SA 26543 




Ftr am tatato at** tfcfe «acx : an OOcU Jiml •# 0- EOTftaa fwtnt (Ma, S*. IZ/tZ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

D LINES OR MARKS ON ORIGINAL DOCUMENT 

D REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



